A transducer assembly for a proximity sensor which com prises an elongated polymer piezoelectric film (16). The film is supported as an elongated series of arcuate segments which are curved in the same direction and have the same radius of curvature. Electrodes (18) on both sides of the piezoelectric film form opposed pairs, each pair being asso ciated with a respective arcuate segment. The electrodes are utilized for applying a varying electric field across the thickness of the film to cause an ultrasonic acoustic wave to be radiated from the film. This invention relates to ultrasonic proximity sensors and, more particularly, to an improved ultrasonic proximity sen Sor utilizing polymer piezoelectric film in the transducer assembly.
Proximity sensors have many applications. For example, a proximity sensor mounted to a vehicle can provide a warning to the vehicle operator of the presence of an obstruction in the path of the vehicle. Thus, a proximity sensor mounted to the rear of a truck which is backing toward a loading dock can be utilized to alert the truck driver of the remaining distance to the loading dock. It is therefore an object of the present invention to provide a proximity sensor which may be utilized for such an application.
A proximity sensor utilizing radiated and reflected ultra Sonic acoustic waves is a desirable form for use in such an application. The desired beam pattern for obstruction detec tion applications is a straight, wide and thin beam. It is therefore another object of the present invention to provide a transducer assembly for generating an ultrasonic acoustic wave having such desired beam pattern.
SUMMARY OF THE INVENTION
The foregoing and additional objects are attained in accordance with the principles of this invention by providing a transducer assembly for a proximity sensor which com prises an elongated polymer piezoelectric film. The assem bly also includes means for supporting the film as an elongated series of arcuate segments. All of the arcuate Segments are curved in the same direction and have the same radius of curvature, In addition, there is provided means for applying a varying electric field across the thickness of the film within each of the arcuate segments to cause an ultra Sonic acoustic wave to be radiated from the film.
In accordance with an aspect of this invention, the film Supporting means includes a rigid backing member having a Support Surface shaped as an elongated series of arcuate segments all curved in the same direction and all having the same radius of curvature, and a rigid cover member adapted for placement so that the film is between the backing member and the cover member. The cover member has a cavity with an interior surface shaped complementarily to the backing member support surface. The film supporting means also includes means for securing the cover member to the backing member so that the film is tightly gripped between the backing member support surface and the cover member cavity interior surface.
In accordance with a further aspect of this invention, the cover member is formed with a series of spaced apertures in open communication with the cavity and each associated with a respective one of the arcuate segments of the film, and the transducer assembly further includes means for main taining the film in spaced relation relative to the backing member in regions corresponding to the apertures of the cover member.
In accordance with another aspect of this invention, the backing member support surface is formed as a pair of spaced apart relatively narrow support surfaces and the space maintaining means comprises a surface region of the backing member between the pair of narrow support sur faces which is generally parallel to the pair of narrow In accordance with yet another aspect of this invention, the electric field applying means includes a pattern of electrodes formed as conductive areas on both sides of the film, the conductive areas on each side of the film being spaced apart and each being associated with a corresponding conductive area on the other side of the film directly across the thickness of the film so as to form a series of spaced opposed pairs of electrodes.
BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing will be more readily apparent upon reading 
DETAILED DESCRIPTION
A polymer piezoelectric film is known to be a material that can be used to construct a wideband flexible ultrasound transducer. The desired beam pattern for detecting an obstruction is a straight, wide and thin beam. By lengthening the ultrasound source, the generated beam becomes a rela tively straight beam. FIG. 1 illustrates such a transducer according to this invention. As shown therein, the polymer 5,515,341 3 piezoelectric film 10 is elongated and is supported as a series of arcuate segments. The arcuate segments all have the same predetermined radius of curvature and are all curved in the same direction. The film 10 is supported on an appropriately shaped support member 12 so as to maintain a space 14 between each of the arcuate segments of the film 10 and the support member 12. When a varying electric field of appro priate frequency is applied across the thickness of the piezoelectric film 10, the film 10 vibrates at that frequency to cause an ultrasonic acoustic wave to be radiated there from. The space 14 allows such vibration without interfer ence by the support member 12.
Polymer piezoelectric material, specifically polyvi nylidene fluoride (PVDF or PVF), is known to be formable into a flexible film even after stretching and poling. When this film 10 is held in a curved shape with two regions 13 clamped, the region between the clamped points vibrates in the direction normal to the plane (increasing or decreasing the radius) by application of AC voltage across the film thickness.
This vibration is caused by expansion or contraction of the length along the molecular chain direction (indicated by the arrows 15) which is chosen to be parallel to the tangen tial direction to the arc of the film 10. This principle was A backing member 22 is provided to support the film 16 as a series of arcuate segments. Thus, the backing member 22 includes a first support surface 24 and a second support surface 26. The support surfaces 24, 26 comprise a pair of spaced apart relatively narrow surfaces of the backing member 22, each of which is shaped as a series of arcuate segments all having the same predetermined radius of cur vature and all being curved in the same direction. The radius of curvature of each of the segments is selected for the desired operating frequency of the transducer assembly, as previously discussed. In order to maintain appropriate spac ing between the film 16 and the backing member 22 to allow the film 16 to vibrate, the backing member 22 is formed with a further surface region 28 between the pair of support surfaces 24, 26. The surface region 28 is generally parallel to the support surfaces 24, 26, but is displaced below the surfaces 24, 26.
In order to hold the film 16 against the backing member 22 and preserve the desired arcuate shape of the film 16, there is provided a cover member 30. The cover member 30 has a cavity 32 with an interior surface which is shaped complementarily to the support surfaces 24, 26. The interior surface of the cavity 32 is continuous between the portions which are complementary to the support surfaces 24, 26, so that when the cover member 30 is mounted to the backing member 22, there is a space between the interior surface of the cavity 32 and the displaced surface region 28 of the backing member 22.
The cover member 30 is formed with a series of spaced apertures 34 in open communication with the interior cavity 32. Each of the apertures 34 is associated with a respective one of the arcuate segments of the backing member 22, and hence the arcuate segments of the film 16, so that the acoustic waves produced when the film 16 is caused to vibrate can escape from the cover member 30.
The assembly shown in FIG. 4 also includes a flexible gasket 36 between the film 16 and the cover member 30, which functions to seal and protect the remainder of the assembly from the elements.
To properly align the backing member 22, the film 16, the gasket 36, and the cover member 30, each of the backing member 22, the film 16, and the gasket 36 is formed with a plurality of appropriately positioned and registrable holes 38, 40 and 42, respectively, and the cover member 30 is molded with a plurality of corresponding pins 44 within the interior cavity 32. During assembly, the pins 44 extend through the aligned holes 38, 40 and 42. A plurality of screws 46 secure the backing member 22 to the cover member 30, with the film 16 and the gasket36therebetween, and the screws 48 secure a back plate 50 to the backing member 22 and the cover member 30 as part of the final assembly. Strain relief for the wires 20 is provided by the strain relief element 52 which is secured to the backing member 22 by the screw 54, and a gasket 56 is provided to seal the opening 58 in the back plate 50 through which the wires 20 extend. in FIG. 7 , by utilizing the appropriate mounting angles for the flanking assemblies 64 and 68, the overall beam, made up of over lapping beams, can be considered to be relatively straight.
Additionally, it will be noted that there are two blind zones between pairs of the transducer assemblies 64, 66 and 68, but these blind Zones can be minimized by properly arrang ing the mounting angles for the flanking assemblies 64 and An advantage of utilizing the piezoelectric film in a transducer assembly of the type described is that a self diagnostic function can be designed. Thus, as shown in FIG. 11A, the transducer assembly 90 is made up of transmitting elements 92 and receiving elements 94. When a pulse is applied to the transmitting elements 92 over the lead 96, the generated acoustic wave is directly fed to the receiving element 94 through the air . FIG. 11B illustrates the input electric pulse and the output of the receiver element 94 over the lead 98 which includes a pulse 100 in response to the direct feed through the air followed by a pulse 102 in response to a reflected signal from an obstruction. The first pulse 100 is used for diagnostic purposes to indicate that the system is operative, but is ignored for measuring distance, when only the second pulse 102 is considered. Accordingly, there has been disclosed an improved ultra Sonic proximity sensor utilizing piezoelectric film in the transducer assembly. While illustrative embodiments of the present invention have been disclosed herein, it is under stood that various modifications and adaptations to the disclosed embodiments will be apparent to those of ordinary skill in the art and it is only intended that this invention be limited by the scope of the appended claims. predetermined radius of curvature and all of said segdirectly across the thickness of the film to form a series ments being curved in the same direction; 10 of spaced opposed pairs of electrodes; means for mounting said transducer assemblies with their a rigid backing member (22) having a pair of narrow major axes lying substantially in a single plane so that parallel support surfaces (24, 26) each shaped as an there is a central transducer assembly (70) and two elongated series of arcuate segments, all of said arcuate flanking transducer assemblies (72, 74) equally spaced segments having the same predetermined radius of from said central transducer assembly, the two flanking 15 curvature and all being curved in the same direction, transducer assemblies being oppositely angled each and a further surface region (28) between said pair of toward the central transducer assembly; support surfaces and displaced below said pair of means for applying a varying electric field across the support surfaces;
thickness of said film within each of said arcuate a rigid cover member (30) having a holding surface segments of each of the flanking transducer assemblies 20 shaped complementarily to said pair of backing mem to cause ultrasonic acoustic waves to be radiated from ber support surfaces and a plurality of spaced apertures said flanking transducer assemblies, the radiated acous-(34) adapted for alignment with the spaced opposed tic waves overlapping as they travel away from the pairs of electrodes of said film; and flanking transducer assemblies; means (46) for securing said cover member to said means (80) for sensing an acoustic wave impinging on 25 backing member with said film therebetween so that the said central transducer assembly film which is a reflecfilm is tightly gripped between the cover member tion of the radiated acoustic waves from a remote holding surface and the backing member support sur object and generating an electrical signal representative faces with the cover member apertures each in registry thereof; and with a respective opposed pair of electrodes of the film. means (82) utilizing said electrical signal for determining 30 the distance of said object from the system. :: * : * :
